We report electrocardiographic changes mimicking myocardial ischaemia in a 73-year-old man with fatal pneumococcal meningoencephalitis, present the autopsy-confirmed histological picture of extensive focal myocytolysis (contraction band necrosis) without myocardial infarction or myocarditis, and review the contemporary literature.
Electrocardiographic (ECG) changes mimicking myocardial ischaemia or infarction have been described in various acute noncardiac illnesses, predominantly acute cerebral lesions. We present new right bundle branch block and severe repolarization disturbances in an ECG of a patient with fatal pneumococcal meningoencephalitis, show the histological picture of the corresponding focal myocytolysis (contraction band necrosis) and summarize the suspected pathophysiological mechanisms, the potential clinical consequences as well as the therapeutic options found in the contemporary literature. Sepsis-induced myocardial dysfunction is briefly reviewed.
CASE HISTORY
A 73-year-old man was admitted to hospital in February 1998, two days after the onset of malaise, nausea, high-grade fever and confusion. His medical history was otherwise unremarkable. On examination the patient was disoriented and obtunded. His temperature was 40°C, pulse 100 bpm, arterial blood pressure 160/85 mmHg. There was marked meningism and Kernig's sign. Routine laboratory findings were within normal limits except for a white blood cell count of 13.6x10 9 .litre -1 with 62% band forms. The C-reactive protein was raised at 366 mg.litre -1 (normal <5 mg.litre -1 ), as was the creatine kinase (CK) at 521 U.litre -1 (normal <200 U.litre -1 ) with a normal CK-MB isoenzyme fraction of 3.3%. On lumbar puncture the opening pressure was 21 cmH 2 O. The examination of the cerebrospinal fluid (CSF) showed 600 white blood cells per µL, a glucose concentration of <0.1 mmol.litre -1 , and markedly raised protein concentration of 3.9 g.litre -1 . Gram staining of CSF revealed a large number of gram-positive diplococci.
Cultures of blood and CSF specimens were positive for Streptococcus pneumoniae. The computed tomography of the brain and the ECG on admission ( Figure  1 ) were normal. On day 3 right bundle branch block and diffuse symmetrical T-wave inversion (leads I, II, aVL, aVF and V1-V6) appeared ( Figure 2 ), and the chest X-ray disclosed mild pulmonary congestion. Acute myocardial ischaemia was unlikely, since CK levels steadily decreased to 300 U.litre -1 and the CK-MB isoenzyme fraction never exceeded 3.3%.
Antibiotic therapy was started immediately on admission. Deep coma necessitated mechanical ventilation. Throughout the hospital course the haemodynamic conditions remained stable. There was no clinical evidence of right heart failure. Mild pulmonary congestion on the chest X-ray was interpreted as a consequence of left ventricular dysfunction. The patient received no catecholamine medication throughout the hospital stay. Repeated blood gas analysis never revealed hypoxaemia. Deep coma persisted, generalized convulsions developed and the patient died on the seventh hospital day. The autopsy confirmed purulent meningoencephalitis and extensive, diffuse focal myocytolysis (contraction band necrosis) ( Figure 3 ) predominantly in the left ventricular myocardium without coronary heart disease, myocardial infarction or myocarditis.
DISCUSSION
The association between a variety of acute, noncardiac illnesses, predominantly cerebral lesions such as subarachnoid haemorrhage (SAH), thromboembolic stroke, brain tumours, meningitis, meningoencephalitis and ECG changes, without evidence of myocardial ischaemia, has been described over the past 60 years [1] [2] [3] [4] [5] . Most of the reports include abnormalities of the ST segment, the T wave, the QT interval, as well as disturbances of the cardiac rhythm and conduction system. The ECG changes are usually reversible in survivors, although they may persist for several weeks.
The histological pattern of focal myocytolysis (contraction band necrosis) probably constitutes the morphological correlate of the ECG changes and the functional disturbances, such as left ventricular wall motion abnormalities, and clearly differs from the histological picture found in myocardial infarction and myocarditis 6, 7 . The typical findings are scattered transmural foci of myocyte swelling and indistinct cross striations, increased eosinophilic staining with a granular pattern and severe disruption of the cardiocyte cytoplasm resulting in a loss of the myofibrillar structure ( Figure 3 ) 1,5-7 . The same histological picture can be found in myocardial biopsies of patients with phaeochromocytoma 8 .
Exposure of the myocardium to excessive plasma catecholamine levels or release of catecholamines from sympathetic nerve terminals in the myocardium, probably resulting from increased intracranial pressure, and excessive cellular calcium entry leading to a hypercontracted state of the myocyte, are thought to be of prime importance in the pathophysiology 5, 9 . Whether treatment of brain-injured patients with catecholamines further contributes to the myocardial damage is unknown.
Regional hypoperfusion and ischaemia are unlikely to be the primary cause of the myocardial damage associated with brain injury. In a dog model of SAH there was no evidence of persistent, regional myocardial hypoperfusion 10 . Neither fixed nor vasospastic coronary artery disease has been revealed on angiographic studies in most patients with SAH 4, 11 . But, considering the scattered pattern of the myocardial dysfunction in echocardiographic studies and evidence of regional myocardial perfusion redistribution from bedside thallium scans 12 , transient and short period impairment of microvasculature beds as well as uneven distribution of sympathetic innervation or catecholamine receptor density within the myocardium cannot be excluded. Coincidence with any pre-existing coronary artery or other heart disease, as well as concomitant myocardial depression from other causes, such as sepsis, may certainly add to the risk of impaired myocardial function.
Echocardiographic evidence of myocardial dysfunction does not correlate with the ECG changes, and the distribution pattern of left ventricular regional wall motion abnormalities in patients with acute noncardiac illnesses was found to be inconsistent with the vascular supply region of a single epicardial coronary artery 13 .
Spontaneous reversibility of regional left ventricular contractility dysfunction has been documented by transthoracic echocardiography, and functional similarities with the phenomenon of myocardial stunning are disputed 4, 5, 11 .
Serum concentrations of cardiac enzymes may be elevated due to focal myocytolysis. An increase of the CK-MB isoenzyme fraction has been found in most patients with SAH in one study 14 . In another study of thirty-nine patients with SAH, eight had elevated cardiac troponin I levels, which was highly predictive of regional myocardial wall-motion abnormalities and a reduced left ventricular ejection fraction 15 .
When brain injury is caused by or associated with infection, concomitant or additional effects of sepsis on myocardial function should be considered. Sepsisinduced depression of myocardial performance has been postulated for decades, and has repeatedly been demonstrated since the mid-1980s with portable nuclear scanning techniques and volumetric echo-cardiography 16 . Several investigations have shown evidence of ventricular dysfunction in both normotensive sepsis and septic shock, reflected by reduced post-resuscitation left and right ventricular ejection fraction, ventricular dilation and flattening of the Frank-Starling relation [16] [17] [18] . Decreased contractility is accepted to be a major factor causing septic myocardial depression, although accumulating evidence suggests the concurrent existence of myocardial compliance abnormalities [19] [20] [21] . The originally favoured hypothesis of ischaemic or hypoperfused myocardium during sepsis was convincingly ruled out as evidence of normal or even increased coronary blood flow during septic shock with concomitant decreased left ventricular ejection fraction accumulated from human studies 22, 23 ventricular performance in humans with depression of rat cardiac myocyte contractility induced by the septic patients' serum. Recently, the presence of such factors has been confirmed in the blood of children with meningococcal septic shock 25 . The exact physicochemical characterization of the factors still remains unknown. Various endogenously produced inflammatory mediators-including cytokines such as tumour necrosis factor alpha or interleukin 1β, arachidonic acid metabolites, platelet activating factor, histamine, endorphins, reactive oxygen species [26] [27] [28] [29] or nitric oxide and cyclic GMP 30 -are assumed to play an important role in the development of myocardial depression.
Impaired cardiac performance as a consequence of acute brain injury may have important clinical implications. Systolic and diastolic myocardial dysfunction with failure to meet inotropic demands, fluctuations in blood pressure, life-threatening cardiac arrhythmias as well as hypoxaemia resulting from pulmonary oedema are thought to increase the risk of cerebral hypoperfusion and ischaemia, particularly in combination with vasospasm in SAH 31, 32 . SAH patients treated with the adrenergic blocker propranolol with or without phentolamine were shown to be less likely to die and to have better outcomes than those who received a placebo in one small study 33 . In another, propranolol seemed to prevent cardiac injury after SAH 34 . The use of these drugs in routine clinical practice is still a matter of concern, however, since other reports suggest that antihypertensive treatment worsens outcome after SAH 35 .
Ten to 20% of the hearts from potential cardiac donors with brain injury and no previous cardiac history have myocardial dysfunction and are therefore unsuitable for transplantation 36, 37 . Acutely failing human hearts from organ donors have been shown to not exhibit β-receptor down regulation, which is found in end-stage heart failure from other causes, but rather a marked uncoupling of both β 1 -and β 2adrenergic receptors from adenylyl cyclase and the contractile response 36 , as well as significant elevation in the levels of the inhibitory G protein G iα 38 . In conclusion, the different manifestations of the potentially reversible myocardial dysfunction or even heart failure from acute, noncardiac and predominantly cerebral illnesses, and their respective haemodynamic consequences, require heightened attentiveness, especially in perioperative and intensive care. ECG changes are common findings under these conditions, but they are not reliable predictors of myocardial dysfunction or perfusion disturbances in an individual patient. Elevated serum levels of CK-MB or troponin I may be associated with impaired left ventricular function. Sepsis-related factors and mechanisms might add to the myocardial dysfunction in patients with brain injury and infection, such as meningoencephalitis. Biochemical abnormalities in acutely failing hearts from headinjured organ donors point to specific pathophysiological mechanisms which are different from heart failure from other causes.
Clinicians should be familiar with this heart-brain connection, as inappropriate diagnosis may cause urgent surgery to be delayed, and aggressive anticoagulatory or even fibrinolytic therapy of supposed myocardial ischemia or infarction might be deleterious.
